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Studies on the Syntheses of Heterocyclic Compounds. Part DXXV1.l A 
Novel Synthesis of Isopavine-type Alkaloids. Total Synthesis of (&)- 
Ref ramidine 
By Tetsuji Kametani,' Shoji Hirata. and Kunio Ogasawara, Pharmaceutical Institute, Tohoku University, 

A new synthetic method for isopavine derivatives, through one-step ring opening and ring closure of an aziridinium 
intermediate, and i ts application to  a total synthesis of (%)-reframidine (3). are described. 

Aobayama, Sendai, Japan 

BATTERSBY and YEOWELL reported the synthesis of the 
isopavine system (1) before the discovery of naturally 
occurring isopavine alkaloids3 Later syntheses 4-8 were 

(1) R1 = H, R2 = R3 = Me 
(2) R1 = CH,Ph, K2K' = CH, 
(3) ~1 = M ~ ,  ~ 2 1 ~ 3  = CH, 

all based on this original method. We have now de- 
veloped a new type of isopavine synthesis involving a 
one-step ring opening and ring closure, which has 

Part DXXV, T. Kametani, E. Taguchi, K. Yamaki, A. 
Koznka, and T. Terui, Cliem. and P h a i w .  Bull. (JuFan), 1973, 
21, 1124; part of the present work was reported as a preliminary 
communication in Ghem. a i d  Phavm. Bull (Japan) ,  1973, 21, 
893. 

A. R. Battersby and D. A. Ycowell, J .  Chenz. SOC., 1958, 
1988. 

3 Cf. T. Kanietani, The Chemistry of the Isoquinoline 
Alkaloids,' Hirokawa, Tokyo, and Elsevier, -4msterdam, 1968, 

* S. hI. Kupchan and A. Yoshitake, -1. Ovg. Cltem., 1969, 34, 
p. 235. 

1062. 

been successfully applied to  a total synthesis of (5)- 
reframidine (3) .' 

As the key reaction for the construction of the iso- 
pavine framework, we employed the intermolecular 
diazomethane-iminium insertion followed by ring ex- 
pansion originally reported by Leonard and his co- 
worker~ .~  Pfeifer and his co-workers lo observed that 
this reaction could be applied to  hydrastinine (4) and 
cotarnine (5) to give the ring-expanded azepine deriva- 
tives (1 1) and (12), respectively. Recently Bernliard 
and Snieckus l1 showed that the aziridinium perchlorate 
(8) was an intermediate in the reaction with hydra- 
stinine perchlorate (8). 

$1. Sainsbury, D. W. Brown, S. F. Dyke, and G. Hardy, 

D. \V. Brown, S. I;. Dyke, G. Hardy, and AI. Sainsbury, 

S. F. Dyke and A. C. Ellis, Tetvahedvon, 1971, 27, 3803. 
8 S. F. Dyke and A. C.  Ellis, Tetrahedroll, 1972, 28, 3999. 

( a )  N. J.  Leonard and I<. J a m ,  .T. Ajner. Chenz. SOC., 1962, 
84, 4806; (b)  C-f. D. R. Crist and N. J. Leonard, .472gew. CJtem. 
Intevnat. Edn. ,  1968, 8, 962. 

lo B. Goeber, S. Pfeifcr, 1'. HanuS, and G. Engelhardt, Avch. 
Phavm., 1968, 301, 763. 

l1 H. 0. Bernhard and lr. Snieckus, Tetrahedron, 1971, 27, 
2091. 

Tetrahedron, 1969, 25, 1881. 

Tetvahedron Lettri!s, 1969, 1516. 
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1973 1467 
We were interested in effecting a similar reaction 

with a 3-(alkoxyphenyl)isoquinolinium iodide (6) to  
afford an aziridinium iodide (9), which might then be 
transformed into an isopavine (2) via one-step ring 
expansion and ring-closure involving intramolecular 
attack by the electron-rich alkoxyphenyl group. 

analysis and spectral data, especially its mass spectrum, 
which showed fragmentation patterns typical of iso- 
pavine alka10ids . l~~~~ 

The 3-benzazepine (13) was exclusively formed, in 
494% yield, from the crude aziridinium iodide (9) by 
boiling with methanolic 3% hydrogen chloride ; the 

R '  
X '  

(4) R' = R2 = H, K3 = Me, X = C10, 
( 5 )  R' = ONe, R2 = H, R3 = Me, X = C10, 
(6) R' = H, R2 = l 'fd~p, R3 = CH,Ph, X = I 
(7) R' = H, R2 = Mdop, K3 = Me, X = I 

X -  
(8) R1 = K2 = H, R3 = Mc, X = ClO, 
(9) R' = H, R2 = ATdop, R3 = CH,Ph, X = I 

(10) R1 = H, R2 = Mdop, R3 = Me, X = I 

( 1 1 )  R' = R2 = H, R3 = Me 

(13) R' = H, R2 = Mdop, R3 = CH2Ph 
(12) R1 = ORle, R2 = H, R3 = Me 

(14) R' = H, R2 = AIdop, R3 = Me 

Mdop = 3,4-Methylencdioxyphenyl 

The 3-substituted isoquinolinium iodide (6), prepared 
as shown in Scheme 1, was treated with an excess of 

RyR P h C H 2 N H 2  
0 

(15 1 

A\ OHC CHZPh 
(18 1 

H C ( 0 E t  )3 
f--------- 

i,N aB H 4  
ii, HCl I 

1 1 7 1  

i, POCL i i , N a l  

R = 3,4-Methylenediosyphenyl 
SCHEME 1 

I 
( 6 )  

ethereal diazomethane at  0" in methylene chloride. 
The amorphous product, possibly the crude aziridinium 
iodide (9), was treated with methanolic hydrochloric 
acid for 5 days at room temperature to afford the 
isopavine (2) in 4.2% yield in addition to the ring 
expanded 3-benzazepine (13) (28.0%). The identific- 
ation of the isopavine (2) was confirmed by micro- 

l2 L. DolejS and V. HanuS, Cdl .  Czech. Chenz. Cowzolt., 1968, 
38, 600. 

product gave the isopavine (2) in 69.9% yield on treat- 
ment with ethanolic hydrochloric acid (1 : 1) at  room 
temperature for 5 days. 

The foregoing sequence was then applied to the 
synthesis of reframidine (3). The key isoquinolinium 
iodide (7), prepared as shown in Scheme 2, was treated 

H C 0 2 E  t 

NHMe NH-CHO 
( 2 2 )  ( 2 1 )  

H C O Z E t  

( 2 3 )  
R = 3, &Met hylenedioxyphenyl 

SCHEME 2 

with an excess of ethereal diazomethane. A solution 
of the resulting crude aziridinium iodide (10) in Gx- 
hydrochloric acid was kept a t  room temperature for 1 

la L. DolejB and J-  Slavik, Coll. Czech. Clzem. Comm., 1968, 33, 
391 7. 
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1468 
week to afford (&)-reframidine (3) in 20% yield. Refra- 
midine (3) was also formed in 35'7; yield when the 
3-benzazepine (14), obtained in 20yo yield by refluxing 
the crude aziridinium iodide (10) with methanolic 1% 
hydrogen chloride, was treated with 6~-hydrochloric 
acid at room temperature for 1 week. The (&)-reframi- 
dine (3) was identified by comparison of i.r., n.m.r., 
and mass spectra with data supplied by Professor 
S. F. Dyke. 

Although there was no evidence for the formation of 
the azepines (13) and (14), the ready conversion into 

J.C.S. Perkin I 
washed with water, dried (K,CO,), ancl evaporated. The 
residue was treated with 35% hydrochloric acid and the 
precipitate was filtered off, washed with ether, made 
basic with 2876 ammonia, and then extracted with ether. 
The extract was washed with water, dried (K,CO,), and 
evaporated to afford the amine (17) (8.4 g) as granules, 
m.p. 75-78' (from n-hexane) (Found: C, 73.55; H, 5.9. 
C,,H,,NO, requires C, 73-6; H, 5-650/), vmX. (Nujol) 
3400-3300 cm-l (NH), m/e 375 ( M + ) .  The hydrochloride 
formed priswzs, m.p. 240-240.5" (from aqueous ethanol) 
(Found: C, 67-4; H, 5.45; X, 3.4. C,,H2,C190, requires 
C, 67-05; H, 5.85; N, 3.4%). 

dircc t i n t r a m o k u l a r  
n 

/ ( 2 1  R = CHzPh ( 9 ) R  = C H z P h  int tamolccu l a r  ( 3 ) R  = M e  
( 1 0 )  R = M e  addi t ion 

n / 
intermolecutat  mo\ 

( 2 1 ; )  R = CHzPh or  Me 

McOH 

H +  t - McOH 

- v  <QVR 
OMe 

( 1 3 ) R  =CHzPh 
( 1 4 )  R = M e  

SCHEME 3 

the isopavines (2) and (3) suggests that the aziridinium 
ring was not attacked intramolecularly by the 3-(alkoxy- 
phenyl) group, but that the &oxygen atom on the 
isoquinoline ring was involved in forming a transient 
quinonoid intermediate (24), which was then attacked 
either intramolecularly by the 3-(alkoxyphenyl) group 
or intermolecularly by a methoxy-group, depending on 
the reaction conditions (Scheme 3). 

This novel method should be applicable to  the synthesis 
of other naturally occurring isopavine alkaloids. 

EXPERIMENTAL 

3.m.r. spectra were measured with a Hitachi H-60 
spectrometer (solutions in deuteriochloroform ; tetra- 
methylsilane as internal reference). 1.r. spectra were taken 
with a type EPI-3 Hitachi recording spectrometer and a 
Hitachi-2 15 grating spectrometer, ancl mass spectra with a 
Hitachi RMU-7 spectrometer. 

N-Benzyl- 1,2-bis- (3,4-methylenedioxyphenyZ)etJzyZanzine- 
( 1  7).-A mixture of 3,4:3',4'-bis(methy1enedioxy)de- 
osybenzoin (15) (9.54 g) and benzylamine (3.6 g) was 
heated a t  150" for 24 h, cooled, and dissolved in chloroform- 
methanol ( 1  : 1 ; 100 nil), t o  which sodium borohydride (4 g) 
was added in portions at  room temperature. After 3 h the 
solvent was evaporated off; the residue was decomposed 
with water and extracted with ether. The extract was 

N-Benzyl-N-[ 1,2-bis-( 3,4-methylenedioxypJienyl)etJ~yl]- 
forinarnide (18) .-A mixture of the hydrochloride of (17) 
(6.5 g) and triethyl orthoformate l4 (6 g) was heated at  
100' for 15 h. After removal of low-boiling material 
under reduced pressure, the mixture was chromatographed 
on silica gel (100 g) to give the formawide (18) (5.0 g) as a 
pale yellow syrup (Found: C, 71-55: H, 5 . 5 ;  N, 3-45. 
C,,H,,NO, requires C, 71-45; H,  5-25; N, 3.45y0), vmX. 
(film) 1650 cm-l (CO), -r(CDCl,) 7-04-5.30 (5H, m, 2 x CH, 
and CH), 4-20 and 4.16 (4H, each s, 2 x O*CH,.O), 3.70- 
2.70 (lOH, m, ArH), and 1.83 and 1.74 [ lH,  each s ( 1  : 3),  
CHO, tautomeric forms], nz/e 403 (Mi)  and 268 (fM+ 

2-Benzyl-3,4-dihydro- 6,'i-methyZenedion.y- 3- (3,4-nzethyl- 
enedioxyp1~enyZ)isoquinoliniuw Iodide (6) .-A mixture of 
the amide (18) (4-17 g), phosphoryl chloride (4.0 g), and dry 
benzene (200 ml) was refluxed for 2 h, then cooled. An 
oily substance which separated was washed with n-hexane 
and dissolved in hot water, to which potassium iodide 
(5 g) was added to afford yellow crystals. Recrystallisation 
from ethanol gave the salt (6) (4.5 g) as granules, m.p. 
209-5-210-0" (decomp.) (Found: C, 56.3; H, 4.2. CZ4- 
H,,INO, requires C, 56.2; H, 3.95Y0), vmax. (Nujol) 1635 

cni-l (> C=N), T[CDCI,-(CD,),SO] 6.80-6.05 (2H, m, 

- 135). 

I 

T. Kametani, K. Ogasawara, and T. Harada, J .  Pharm. SOC. 
Japaia, 1968, 88, 163. 
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CH,), 526-4-42 ( lH ,  111, CH), 4.08 and 3.87 (4H, each s ,  
2 x O*CH,*O), 3.35-245 (lOH, in, ArH), and 0-01 ( lH ,  s, 
1-H), wz/e 386 (iW+ -127). 

3-Benzyl-2,3,4,5-tetvahydvo- 1 - m t h  oxy- 7,8-~aethylenedioxy- 
4-(3,4-methylenedioxyPJzenyl)-lH-:3-benzazepine (13) .-To a 
solution of the isoquinoliniuni iodide (6) (1.5 g) in methylene 
chloride (60 ml), an excess of ethereal diazomethane was 
added a t  -10". Next day the solvent was removed to 
leave a brown solid, which was dissolved in methanolic 
3 yo hydrogen chloride (30 nil) and refluxed overnight. 
The solvent was removed and the residue was extracted 
with methylene chloride; the estract was washed with 
10% ammonia and water, dried (K,CO,), and evaporated. 
The product was chromatographed to give the benzazepine 
(13) (0.6 g) as needles, m.p. 141-142" (Found: C, 72-7; 
El, 6.15; S, 3-05. C26H95N05 requires C, 72-35; H,  5-85; 
N, 3-25Y0), .r(CDCl,) 7.81-6-16 ( iH,  ni, 3 x CH, and CH) 
6-i7 (3H, s, O-CH,), 4-13 (4H, s, 2 x OCH,-O), 3-65 ( lH ,  s, 
,4rH), 3-31 (ZH, s, ArH), 3-25 ( lH,  s, ArH), 3-19 ( IH,  s, 
ArH), and 2.80 (5H, s, ArH), n2le 431 (M'). The hydro- 
chloride formed prisuzs, n1.p. 194-194-5' (decomp.) 
(from ethanol) (Found: C, 67-05; H, 5.8; N, 2-95. c26- 

H,,ClNO, requires C, 66.7 ; H, 5-6 ;  N, 3.0:/,). 
N-BenzyZ-h'-nov-vefra.lllidille (2) .-(a) A solution of 

compound (13) (100 mg) in ethanol and 35% hydrochloric 
acid (3  : 5;  8 nil) was set aside a t  room temperature for 
5 days, then basified with 28% ammonia and extracted 
with methylene chloride. The extract was washed with 
water, dried (K,CO,), and evaporated to give a pale brown 
syrup (90 mg), which was chromatographed on silica gel 
(3  g) to afford a pale yellow powder (2) (65 rng) identical 
with the sample prepared in (b). 

( b )  To a solution of the isoquinolinium iodide (6) (5-3 g) 
in methylene chloride (150 ml), excess of ethereal diazo- 
methane was added a t  -5". Nest day the solvent was 
evaporated off and a solution of the residue in methanol 
(SO ml) was added to GN-hydrochloric acid (100 ml) with 
stirring. The mixture was kept at room temperature for 
4 days, then made basic with 2876 ammonia, and extracted 
with methylene chloride. The extract was washed with 
water and dried (K,CO,). Removal of methylene chloride 
left a pale brown oil (4.8 g), which was chromatographed 
on silica gel (150 g) to afford a pale yellow powder (2) 
(300 mg) in addition to compound (13) (1.3 g). N-Benzyl-N- 
nor-refvamidine (2) crystallised from ethanol t o  give a 
powder, m.p. 86-88' (Found: C, 75.4; H, 5.15. C,,H,,- 
NO, requires C, 75.15; H, 5.3y0), r(CDC1,) 7.40-6.10 
(6H, m, 2 x CH, and 2 x CH), 4.23-4.10 (4H, m, 2 x 
OCH,*O), 3-54, 3.42, 3.39, and 3-32 (4H, each s, ArH), 
and 2.70 (5H, s, ArH), nzle 399 (ilf+), 308 (M+ -9l), 280 
(M+ -119), and 264 (M+ -135). 

3,4:3',4'-Bis(rnetlzylenedioxy)deoxybenzoin Oxhze (19) .- 
A mixture of the ketone (15) (15 g), hydroxylamine hydro- 
cliloride (5-6 g), sodium hydroxide (3.1 g), and ethanol 
(500 ml) was refluxed for 3 h. Ethanol (300 ml) was 
evaporated off, and the precipitate was removed and 
recrystallised from ethanol t o  give the oxime (19) (16 g) as 
needles, m.p. 159-160" (Found: C, 64-1; H, 4-4; N, 4.4. 
C16H13N05 requires C, 64.2; H, 4.4; N, 4*7y0), vmax. 
(CHC1,) 3480 cm-l (OH). 

1,2-Bis-(3,4-methylenedioxyphenyl)ethylamine (20) .-A 
solution of the oxime (19) (12 g) in tetrahydrofuran (300 ml) 
was hydrogenated over Raney nickel a t  45 kg to  
afford the amine (20) (12 g) ; the hydrochloride crystallised 
from methanol to afford needles, m.p. 261-262' (Found: 

C, 59.35; H, 5-16; N, 4.35. C,,Hl,ClN04 requires C, 59-7; 
H, 5.0; X, 4.3576). 
hT-[ 1,2-Bis-( 3,4-metl~yleitedio~yp~ieizyl)et~ty~ fovnzanzide ( 2  1). 

-A mixture of the amine (20) (12 g) and ethyl formate 
(100 ml) was refluxed for 1.5 h. Evaporation of ethyl 
forrnate left a solid, which crystallised from benzene 
to give the amide (21) (12 g) as needles, m.p. 162-163" 
(Found: C, 65.1; €3, 4.7; X, 4-4. C17H15NO5 requires 
C, 65.15; H,  4.8; N, 4*65y0), vnBxi. (IiBr) 3350 (NH) and 
1660 cm-l (CO), y(CDC1,) 7-01 (2H, d, J 7 Hz, CH,), 4.81 
(133, m, CH), 2-66 ( lH ,  d, J 6 Hz, NH), and 1.89 ( lH ,  s, 
CHO). 

N-MethyZ- 1,242s- (3,4-metJ~ylenedioxy~henyl)ethylnnzi~ze 
( 2 2 )  .-To a stirred suspension of lithium aluminium 
hydride (4.4 g) in dry tetrahydrofuran (100 rnl), a solution 
of the amide (21) (10 g) in dry tetrahydrofuran (100 nil) 
was added dropwise. Stirring was continued for 3 li under 
reflux, and the excess of lithium aluminium hydride was 
then decomposed with sodium hydroxide solution. 
The inorganic precipitate was filtered off and the solvent 
was removed to leave a solid (22) (7.0 g), .c(CL)Cl,) 7.82 
(3H, s, NCH,), whose hydrochloride yielded needles, 
m.p. 239-240" (from methanol) (Found: C, 60.5; H, 5.2; 
N, 4-25. C,,Hl,ClN04 requires C, 60-8; H, 5.4; N, 4.1504). 

fonnawzide (23).-A mixture of the amine (22) (7-0 g)  and 
ethyl formate (200 ml) was refluxed for 7 h. Evaporation 
of ethyl formate left a viscous syrup (6.8 g), which was 
chromatographed on silica gel (150 g) to give a syvzcp 
(Found: C, 66-3; H, 5-25; N, 4-35. C,,H17N05 requires 
C, 66.05; H, 5-25; pu', 4.3y0), vnBx* (CHC1,) 1660 cm-l 
(CO), .r(CDCl,), 7-38 (3H, S ,  NCH,), 6-88 (2H, d,  J 7 Hz, 
CH,), 5.36 (lH, t, CH), 4.07 and 4-02 (4H, each s, 2 x 
O-CH,-O), 3-43-3-15 (6H, m, ArH), and 2.08 ( lH ,  s, CHO). 

3,4-Dihyd.~.o-2-methyl-6,7-nzetlzylenedioxy-3-( 3,4rnetlzylene- 
dioxypl~eny1)isoquinoliniuin Iodide (7) .-A mixture of the 
amide (23) (3-2 g), phosphoryl chloride (3.2 g), and dry 
benzene (200 ml) was refluxed for 3 h,  The solvent was 
evaporated off to leave a brown solid, which was dissolved 
in methanol (200 nil) containing sodium iodide (5.0 g). 
Evaporation of methanol left a yellowish solid, which was 
taken up with chloroform. Evaporation of the extract 
left compound (7) (2.7 g) as yellow prisnzs, m.p. 233-234" 
(from methanol) (Found: C, 49-45; H, 3-8; 5, 3.3. 
C,,H,,ISO, requires C, 49.45; H,  3-7; X, 3.206), vmJx. 

(KBr) 1660 cm-l (x=$, s(CDC1,) 2.41 (lH, s, 8-H), 
and 0.07 ( lH,  s, 1-H). 

2,3,4,5-Tetrahydro- 1 -naethoxy- 3-methyl- 7,8-wzethylened ioxy- 
4-(3,4-inethylenedioxyplzenyl)- 1H-3-benxazepine ( 14) .-To a 
solution of isoquinolinium iodide (7) (2.0 g) in methylene 
chloride (300 ml), an excess of ethereal diazomethane was 
added a t  0". Next day the solvent was removed to leave 
a brown solid, which was dissolved in methanolic lo/, 
hydrogen chloride. The solution was refluxed for 5 h, 
the solvent was evaporated off, and the residue was 
extracted with chloroform. The extract was washed with 
10% ammonia and water, dried (Na,SO,), and evaporated. 
The resulting viscous syrup was chromatographed on 
silica gel (60 g). Elution with chloroform afforded com- 
pound (14) (400 mg) as a reddish syrup, r(CDC1,J 7.92 
(3H, s, NCH,), 6.52 (3H, s, OCH,), 5.43 ( lH,  dd, J 9 and 3 
Hz, CH-OCH,), and 7-55-7-03 (5H, m, ArH), m/e 355 
(M+) .  A mixture of compound (14) (30 mg) and methyl 
iodide (2 ml) was kept overnight and then evaporated to 

X-Methyl-S-[ 1,2-bis-( 3,4-metltylenedioxypJienyl)etlzyl]- 
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1470 J.C.S. Perkin I 
afford the wzethiodide (40 mg) as a pale yellow powder 
(from ether), 1ii.p. 189-190" (Found: N, 2.95. C21H241X05 
requires X, 2-80;). 

(f)-Refvanzicline (3) . - (a)  A solution of compound (14) 
(270 mg) in Gx-hydrochloric acid was kept at room tenipera- 
ture for 1 week, then made basic with 280//0 ammonia, and 
extracted with cliloroform. The extract was washed with 
water, dried (Na,SO,), and evaporated to  give a reddish 
syrup (200 mg), which was chromatographed on silica gel 
(ti g), Elution with chloroform-methanol (99 : 1) afforded 
(+)-refraniidine (3) (105 mg) as a pale yellow syrup, 
spectral data of which were identical with those of an 
authentic sample 

( b )  To a solution of the isoquinolinium iodide (7)  (1.0 g) 
in niethylene chloride (200 nil), an excess of ethereal 

donated by Professor S. F. Dyke. 

was evaporated off. A solution of the residue in 6 ~ -  
hydrochloric acid was kept at room temperature for 1 week, 
made basic with 280,; ammonia, and extracted with 
cliloroform. The extract x a s  washed with water, dried 
(h'a,SO,), and evaporated to give a reddish syrup (600 mg), 
which was chromatographed on silica gel (30 g). Elution 
with chloroforni-methanol (99 : 1) afforded (4- )-reframidine 
(3) (200 mg) as a pale yellow syrup, T(CDC1,) 7-55 (3H, s, 
?rT-CH,) and 3.54, 3.42, 3.35, and 3-32 (4H, each s, ArH). 

U7e thank Professor S. F. Dyke for spectral data. of 
reframidine. We also thank Mrs. -4. Satoli, Mrs. C. Koyan- 
agi, Miss A. Ujiie, Mr. T. Oliuchi, Miss R. Kato, Miss C. 
Yoshida, and Miss F. Yoshinalia for spectral measurements 
and niicroanalyses. 

diazomethane was added a t  0". Next day the solvent [2/2529 Rrcr ived ,  15th Dcceni iw,  1 9721 
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